Ankle biomechanics
The passive stability of the ankle is the responsibility of the ligaments and the bony constraints of the ankle joint, while the active stability depends on muscular support. The talus has no muscular insertion. Active motion depends on the long foot muscles inserting into other tarsal or metatarsal bones. Dorsiflexion and inversion are effected by the extensor hallucis longus and the anterior tibial muscles. Dorsiflexion and eversion are guided by the peroneus tertius muscles and extensor digitorum longus and brevis muscles. Plantar flexion and eversion are effected by the peroneus longus and brevis muscles. Plantar flexion and inversion are regulated by the flexor hallucis longus, the flexor digitorum, and the posterior tibial muscles. '5 The ligaments of the ankle can be divided into the lateral group, the medial group, and the ligaments of the syndesmosis.
The lateral ankle ligament complex is traditionally considered to consist of the anterior talofibular (ATFL), the calcaneofibular (CFL), and the posterior talofibular (PTFL) ligaments. However, in inversion the subtalar ligaments, especially the cervical ligament, the interosseous ligament, and the ligaments spanning the calcaneocuboid and the talonavicular joints, also have to be considered.
Many studies have been done on talotibial ligaments to gain insight into how they function together to stabilise the joint. Of the talotibial ligaments, the ATFL is a thin 6-10 mm wide, 20 mm long, and 2 mm thick'6 weak ligament, being essentially a thickening of the anterior ankle joint capsule. It passes from the distal anterior origin of the lateral malleolus to the talus in front of the proximal part of the lateral articular surface. In neutral position its direction is parallel to a long axis of the foot and in full plantar flexion it is more parallel with the tibia (fig 1) . The CFL is a 20-25 mm long rounded ligament with a diameter of 6-8 mm. '6 It is an extra-articular ligament closely associated with the peroneal tendon sheath. It runs obliquely downwards and backwards to be attached to the lateral surface of the calcaneus. There is a great variety in its direction and in its attachment sites."' A rupture to this ligament will also cause a rupture of the tendon sheath, and occasionally also damage the peroneal tendons.
The ATFL acts as a primary restraint against plantar flexion, as well as internal rotation of the foot. '7 In strain studies Renstrom et al" found that the strain of the ATFL significantly increases with increasing plantar flexion. In the neutral position the ligament is relaxed. '9 The CFL does not have an independent role in talotibial joint stability, but acts instead as a guide for the axis of subtalar motion. '7 In dorsiflexion the ligament has increased strain. '8 In a normal standing position the ligaments remain relaxed.
The lateral talocalcaneal (LTCL) extends from the talus to the calcaneus and blends its fibres with CFL and ATFL fibres. The exact incidence of injury to this ligament is not known. Transecting the subtalar ligaments results in very limited increase in motion when measured in degrees, but as they have very limited motion in the first place the increase after rupture is about 40%.2°The incidence of rupture here is also unknown.
The PTFL connects the posterolateral tubercle of the talus to the medial aspect of the lateral malleolus. The PTFL has an average diameter of 6 mm. In plantar flexion and in the neutral position the ligament is relaxed, whereas in dorsiflexion the ligament is tensed. '5 The clinical significance of PTFL injuries is somewhat unclear, but it is not commonly damaged. The ATFL, CFL, and PTFL ligaments function as a unit for the talotibial complex, though one may resist a specific motion depending upon foot position.2' Through the full range of motion the ATFL and CFL act in synergy22"2 ( fig 1) . As the foot plantar flexes, the strain in the ATFL increases while the strain in the CFL decreases. ' 62 63 65 66 69 and the results and conclusions based on these reports will be mentioned in the following. Duration of follow up ranged from six months to 3.8 years, which is considered adequate time to identify persistent disability. Results were evaluated using selected outcome parameters. Return to work or physical activity was reported in four of the studies that included three treatment modalities.30 6166 69 They concluded that return to work was two to four times faster after functional treatment than after operation or immobilisation in a cast. Return to pre-injury level of activity was found to be faster after conservative treatment than after operative treatment in four cases.6 62 66 69 The opposite was found in three studies.0 5563 and no difference was found in the remaining five.
Pain, swelling, or stiffness with activity could be evaluated in four of the studies involving three treatment groups.62636669 The studies failed to show any differences. In the three studies that included three therapy groups and included mobility of the ankle,306669 mobility was found to be superior after functional treatment compared with the other two methods.
Better mechanical stability has been the primary argument for operation. Assessment of mechanical stability calls for an objective measurement with the evaluation of talar tilt and anterior drawer on stress radiographs. Based on five studies evaluating the three different treatments,62 65 66 68 69 equal stability results were found.
Functional instability is not a well defined entity but designates repeated inversion injuries that are either unprovoked or the result of very little provocation. Functional instability seems to be a late disability in 15 to 60% of lateral ligament injuries depending on the definition applied. In the studies that reported on functional instability'062666971 opinions diverged, but no one treatment seemed superior to the others in minimising the chances of late instability. The scientific basis for treating chronic functional instability is discussed later in this review. Sommer and Schreiber76 considered the cost-benefit aspects by comparing immobilisation in a plaster cast followed by immobilisation with a brace, with early mobilisation using a brace only. Early functional therapy proved to be the treatment with the least direct costs.
Leanderson and Wredmark77 in a study of 73 patients with grade II and III sprains treated with either early mobilisation or immobilisation found that the socioeconomic savings were potentially significant with ankle brace treatment. Nationally, the potential yearly savings in Sweden using this treatment were estimated to be eight million American dollars. The treatment of choice thus remains functional treatment.
If acute surgery is considered necessary the indications could according to Leach and Schepsis78 be (a) a history of momentary talocrural dislocation with complete ligamentous disruption, (b) a major clinical anterior drawer sign, (c) 10 degrees more tilt on the affected side with stress inversion testing, (d) clinical or radiographic suspicion of tears in both the ATFL and CFL, and (e) osteochondral fracture. Most techniques described for repair of acute ligament injuries are similar to that of Brostr6m.'0 The results after acute surgery are in general very good with return to sport in 10 to 12 weeks. This must still be compared with the three to six weeks after functional treatment.
Acute treatment protocol BIOLOGICAL BACKGROUND
In the post-injury phases of an acute severe ankle injury, an ideal treatment and rehabilitation programme should fulfil four requirements'5:
1 The RICE principle: rest, ice (cold), compression, and elevation aims to minimise haemorrhage, swelling, inflammation, cellular metabolism, and pain in order to offer the best possible conditions for the healing process.s780
2 Protection of the injured ligaments during the first one to three weeks is required. In this phase of healing (the proliferation phase), protective ankle support is followed by undisturbed fibroblast invasion of the injured area, which leads to undisturbed proliferation and production of collagen fibres. Mobilisation too early in inversion leads to more prolonged type III collagen formation with weaker healing tissue than during optimal immobilisation. Although increased postural swaying has been used as a measure for a proprioceptive deficit, there is no direct causal connection between swaying with an increased amplitude when balancing on one foot and sustaining recurrent inversion injuries. Rather it seems reasonable to assume that a common and superior deficit is responsible for both disabilities. The nature of such a disability remains unclear. The latency of the peroneal muscles has been found to be significantly slower in functionally unstable ankles by some98.'00 but not by others.10'-'03 An increased error in detecting ankle inversion movement or in matching ankle inversion angles has again been found by some'04-'06 but not by others.'07 There is, however, evidence that (a) a proprioceptive deficit may result after an acute ankle inversion injury,46 70 108 (b) proprioceptive defects measured in different ways are seen in subjects with functional instability, and (c) models exist that may explain how measurable kinaesthetic deficits may cause an increased frequency of ankle inversion injuries (Konradsen et al, unpublished data).
Subtalar instability
The incidence of subtalar sprains is unknown, but it is widely accepted that most subtalar ligamentous injuries occur in combination with injuries of the lateral ligaments of the ankle ( fig  2) . Subtalar instability is estimated to be present in about 10% of patients with lateral ankle instability. The symptoms of chronic subtalar instability include giving way episodes during activity and a feeling of instability when walking on uneven ground. These symptoms may coincide with chronic talocrural instability and therefore careful clinical examination is necessary. Localised tenderness on palpation over the subtalar joint is suggestive of a subtalar sprain. The diagnosis can be verified with subtalar arthrography38 or a subtalar stress view or stress tomography.
Functional treatment similar to the regimen used for lateral sprains is the treatment of choice. Surgery with non-anatomical procedures has been described.'09110 Anatomical repairs, however, show equally good results.97 "'I Sinus tarsi syndrome The sinus tarsi syndrome is often accompanied by a feeling of instability and giving way of the ankle. Seventy per cent of the patients will have experienced a severe inversion sprain.92 If the calcaneofibular ligament is torn the interosseous talocalcaneal ligament occupying the sinus will often also be sprained. This sprain will cause synovitis in the sinus tarsi with rather localised pain. The diagnosis can be made based on a complaint of pain and tenderness of the sinus tarsi combined with the giving way 
Rehabilitation
With the uncertain pathogenesis of functional ankle instability the elements of treatment protocols will rest primarily on personal experiences and not so much on scientific data. Before deciding upon surgical treatment, a well planned rehabilitation programme based on peroneal muscle strengthening and coordination training should be carried out. Regaining muscle strength is primarily achieved by increasing neural activation through functionally oriented training and dynamometer training. '12 In functional training the patient is required to activate his/her musculature in normally occurring activities. Dynamic stability, including proprioceptive information, motor control, and appropriate muscle force development, will be enforced by the training.
Treatment of the proprioceptive ankle deficit consists of a progressive series of coordination exercises to re-educate the ankle. Tropp95 found a significant improvement in balance during single limb stance in subjects with a functionally unstable ankle after six weeks of balance board exercises (fig 3) . The same group reported a decrease in the frequency of inversion injuries and ankle giving way feelings when compared with an untrained control group with unstable ankles. Tropp9" also found that the subjects in question showed a change in their strategy of single limb stance, going from a broken chain strategy before training to the normal inverted pendulum strategy after completed training. So it may well be, as suggested by Glencross and Thornton,'04 that rehabilitation was as much a relearning programme as it was a physical recovery after injury. Often the injured subjects themselves have a clear feeling of a perception/ proprioception deficit in the ankle joint areathey cannot "feel" the ankle as they used to. When this feeling returns it seems to coincide with complete rehabilitation. Leanderson et al'08 found that return of single limb balance to normal values coincided with a subjective feeling of full rehabilitation in dancers. It can, however, be argued that in this group balance during single limb stance was as much a specific functional test as an unspecific test for ankle proprioception. In summary, training proprioceptive function through coordination exercises using unilateral balance boards, uniaxial and multiaxial teeter boards, and jumping ropes relies primarily on empirical data but produces very favourable results. Restitution of normal function relies on the individual's subjective feeling of return to normal sensation. Full effect of training is achieved within 10-12 weeks as evaluated by postural sway. 95 About 50% of patients with functional instability will regain satisfactory functional stability after such a programme."' EXTERNAL 
SUPPORT
When considering the mechanical effect of the different external support modalities it is important to remember that even though they do increase the resistance to inversion, the effect cannot be compared with that of active evertor muscles. Ashton-Miller et al'.' found that active evertor muscles, acting isometrically on a 15 degrees inverted ankle, can provide more than three times the protection against further ankle inversion than tape or an orthosis worn inside a three-quarter-top shoe.
Tape
The primary purpose of taping is to provide increased stiffness to the ankle and a semirigid and sometimes rigid splinting around it. Studies have shown that taping the ankle prevents ankle injuries. Garrick et al found that the combination of taping prophylactically and the use of high top shoes in basketball reduced the frequency of ankle sprains.' 4a Lindenberger et all5 found that tape had a significant prophylactic effect in handball team players who were studied prospectively for two full seasons. Six top level teams participated in the first year. In three teams the players wore tape and in the other three teams the players did not. During the first season 13 ankle sprains occurred all in the non-taped group. In the second season nine teams participated. Twenty one ankle sprains occurred and 20 of these were in the non-taped group.
Contrary to this, several studies have shown that tape loses as much as 50% of its supportive effect after only 10 minutes of active exercise"'-"8 and offers virtually no support after one hour."9 The mechanism behind the effect of ankle taping thus remains unclear. However, tape does not only restrict extensive joint motion but also enhances proprioceptive feedback mechanism and shortens the recruitment time of the dynamic ankle stabilisers. '20 Many athletes may have a skin reaction to tape and therefore skin protection may be used. There seems to be no difference in support between tape directly on the skin and tape with skin protections. Because of these skin problems, tape is used mostly by top athletes and not by recreational athletes. studies showing a smaller effect and others a larger detrimental effect of tape compared with braces. It must be noted that most of the studies were done on subjects with stable ankles. The use of an ankle brace or taping, or both, is recommended as they both give support against ankle inversion when the evertor muscles are relaxed and increase the maximal resistance to inversion with evertor muscles activated. They do seem to be able to enhance proprioceptive awareness, and to decrease the frequency of inversion injuries and decrease the severity of the injuries in groups with functionally unstable ankles.
Braces
The role of shoes Biomechanical studies support the use of high top shoes for ankle sprain prevention because they limit extreme range of motion, provide additional proprioceptive input, and decrease external stress on joints. ' Non-steroidal anti-inflammatory drugs have been studied in prospective randomised double blind trials, and found to be more effective than placebo for ankle tenderness, swelling, and pain, though the difference was not striking and seemed to disappear during an extended follow up. 3 130 In subjects with chronic post-injury swelling, moist heat packs, warm whirlpool baths, contrast baths, electrogalvanic stimulation, and intermittent pneumatic compression have been tried. 4 Prospective randomised studies have shown that only the last alternative has an independent ability to reduce the amount of swelling. 131 132 14 (fig 4) . This anatomical technique repairs both the ATFL and CFL. The non-anatomical reconstructions, except for the Chrisman-Snook modification of the Elmslie procedure, repair only the ATFL. Repair of the CFL is important, because insufficiency of this ligament may be a factor in the development of subtalar instability. The postoperative treatment after an anatomical reconstruction is a splint for eight days to secure wound healing and, thereafter, a removable walking boot for five weeks. The patient starts with dorsiflexion and plantar flexion exercises after eight days or as early as possible out of the boot two to three times a day. Return to sport is usually possible in three months.
Anatomical repair ofboth the ATFL and the CFL through bony tunnels produces good long term results and is recommended as the initial procedure in most cases. If anatomical repair fails, a tenodesis procedure, such as the Chrisman-Snook reconstruction, is a good alternative. A nonanatomical reconstruction is also indicated in patients with moderate arthritis or lax joints.
